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ABSTRACT 

The use o( high compression screw devices to ren-^ove 
PxiracivPS irom pine wood furnishes has obv.ous 
miSi impiicalions regarding Ihe co---pi'on o 
chemicals used for bleaching and pilch control. The 
aDoSon o( high compression chip screw devices on 
ohne chip furnishes has been limited, however, due to 
c suscpptibilitv of pine to fiber breakage a> elevated 
; oil oi roncression A modified chip pretrealment ■ 
p.;' ss wU e -rized inlet has been previously 
proposed to increase thermal softening of the fibers prio 
(o .nd during chip compression, thereby reducing fiber 
dam ge 'o L cl'p structure and permitting increased 
levels of exlractives removal. This study presents 
results of the pressurized chip pretreatment at a 
southern U.S. newsprint mill. 

The effect of the chip pretrealment on pulp properties 
reported, ^he process s 20 psi), including bypass 

and pilot scale results are presented. 
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reduce costs associated with higher exlractives and 
refiner energy consumption. 

A logical area ior ext-aclives removal is in the wood 
chips at the front end of the process. Compression 
the chips in a high compression screw dev.ce no only 
reduces the extractives leva! prior to reunmg, but also 
permits a concentrated pressate s ream rich m 
exlractives to pass directly to efffuent treatment Ihe 
application of high compression screw device m p ne 
T?'p systems, however, has been limited due to a high 
degree of fibre damage and fines generalion . Th'^ was 
primarily due to insullicieni heating and so,tening of me 
pine chip structure during compression al the shea^ 
rates of a typical commercial high compression 5cr..w 
press. 

A new compression pretrealment process (RT 
Pressafiner-) was introduced by Andritz Inc. in 1997, 
wN compresses and reorients the wood clVip .strucUKe 
at pressurized inlet conditions ^ The pressurized inlet 
rmits a higher degree of heating and softening prior to 
compression at elevated compression levels. This m 
mrn perr^its a higher degree of exlractives removal and 
a higher degree of axially separated fibers with iess fibre 
damage. 

Extensive pilot plant pressurized refining studies have ' 
beln conducted using the pretreatment process on 
No r h American spruce \ No,^ay spruce (P'^^^^f -^J^ 
and pine ' [P. faeda, P. caribaea) chip '^rn she . The 
pine pulps with the compressive pretreatment had 0.0 
12% lower DCtvl exlractives content compared >o the 
cont o pulps. SEM analysis of the pretreated chips 
•ndicatS a' significant degree of axial fiber separat. 

;rr ^ni^a^ioTcXTec, rch^s co:;r^"under 

ros^^eric conditions ;. Reductions -P-- ener^^^^ 

^^^^rX^ ^'^^^^^ ™^ '^^'l 
oroduced ushg the compressive pretreatment compared 
10 cont 01 pulps produced without the pretrealment. Two 
studie also reported additional energy savings were 
avalable by combining the compressive Pretrealment 
nd h her'intensity refining conditions, with repor 
Tn-^i rPduclions in specific energy o. 440- jH 

' nr.H Mnrwav sDfUce , respectively. Partial 
^frbration^" lhe°3 ^hips with exposed fiber surface 

following pretreatment was P-P?-^.- ^^^fr ^ 
reoardinq the improved amenability of Ihe cli p sirucur 
o hiohe? intensity refining conditions. An alternative or 
support ng expLation was that refining untreated chips 

higher refiner load swings and inslabilily. 
rsp.n;^^rntoc;;d^r:'c|ou..Tan„es3ea:.-- 
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Each prelreaimeni conliguralion includes a rotary vaive 
wilh pressurized discharge, pressurized Irans er 
conveyor and MSD Impressaliner with pressurized inlet 
capability. Figure 1 illustrates the control screen or the 
chip pretreatment at Calhoun. A two line single disc 
TMP refiner system was supplied by Andritz, con^.plete 
with RT.S (low relention-high temperature-high speed) 
relininq capability and steam recovery. The exhaust 
stearn^rom the pressurized inlet side of pretreatment is 
collected along wilh the "dirty" sleam from refining and 
sent ;o a turpentine condenser unit prior to clean steam 
recove^v The Bowater Calhoun division .s the largest 
producer o( newsprint in North America. The TMP 
ooeration consists of eight refining lines; six double disc 
refininq lines (1-6) and two new single disc refining lines 
(7-0) Important criteria to Bowater on the project 
included pulp quality, extractives content and specific 
energy requirements. 




Figure 1. Chip Pretreatment Configuration 

This paper discusses results to date obtained at the 
Bowater Calhoun newsprint division using the new chip 
preTreatment process. The implications on extractives 
and ioD removal, pulp properties, specific energy 
equirements, and refiner stability are presented^ 
ResuUs are presented from operating dunng both the 
w nt ar^d summer periods. Pilot plant resu ts on 
BoTater Calhoun's pine chip furnish using a similar RT 
Pressafiner pretreatment configuration are also 
presented. 

Experimental 

Southern pine wood chips, pfedominalely loblolly pine 
tZus iaeda). were used in each of the Ir^l studies^ 
The mill trial samples were collected either at the 
econ^ary refiner blowline or the.lransfer chest following 
he secondary refiner. The main pulp Processing step 
- orior to sampling included- chip - washing, BT-chip 
pretreatment. primary _ and . secondary . pressurized 



Each refining line at Bowater Calhoun has a separate 
RT-chip pretreatment stage. The RT-chip pretreatment 
includes a MSD (Modular Screw Device) compression 
screw device with pressurized inlet. The chips are led 
via a rotary valve into a pressurized conveyor, which in 
turn feeds the pressurized inlet housing of the 
compression screw device. The retention time (R) and 
inlet pressure (T) between the rotary valve and screw 
com.pression can be ad|usted for process optimization. 
A plug zone without fligfits at the discharge of the screw 
is available for additional compression of the wood 
chips. The chips discharging from RT-prelreatment feed 
an inclined drain conveyor, which in turn feeds the plug 
screw feeder (PSF) inlet chute. 

Mainline refining consists of two ^ndriiz Twin 66 
pressurized refiners (66-inch diameter) each with 2o MW 
molors A pressurized stream splitter conveyor conveys 
the chips from the PSF to the primary refiner. The 
mainline refining motor loads were maintained at similar 
levels for each study. The objective was to evaluate 
changes in the chip pretreatment operating conditions, 
while maintaining refining conditions as similar as 
possible. 

A similar pilot scale RT-chip pretreatment configuration 
as discussed above was used at the Andritz Research 
and Development Laboratory in Springtie d, Oh,o_ 
Primary refining was conducted using an Andntz 36- CP 
oressurized single disc refiner (36" dianneter)- 
Secondary refining was conducted using an Andntz 401 
atmospheric double disc refiner. 

All pulp samples were tested at the Andritz Research 
and Development Laboratory using standard Tappi test 
procedures. A 0.10 mm screen plate was used in the 
Pulmac Shive Analyzer for all tests. A F'^^'-Scan 
analyzer was used to measure average liber length. An 
independent laboratory i^^^^^' J!"^^ ,^'^1^ 
Ohio) conducted the DCM extractives and COD andysis 

The microtome chip cross sections and -SEM 
micrographs were conducted at the Department of Rape, 
Science at UMIST, Manchester, UK. 

Results 

The wood supply to the Bowater Calhoun newsprint 
division historically generates higher P^'P s'^^^Q'!^ 
orooerties in the summer season compared to that 
Eed in the winter season. The wood quality during 
the spring and fall months undergoe.s somewha. o a 
transition in quality between these two seasons Studies 
were conducted both during the winter and summer 
Teasons respectively. Results from both these periods 
wiil b9 discussed separaleiy. 

Winter ■ ' .... ... 

Preliminary Pi'ol plant- stud^ were^orj^^^ 
, . Andritz Research^ and;^;Devek)pment^pg^^ 
'2_ pretrealed wood, chips supplied (rom Bowatej^. Calhour 
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newsprint division. The chips were P'<>^^^.^f ^['^^'^^^ 
w'h a pressure ol 0.5 bar (7 psi) al 'f ' 
Pressaliner. Non Irealecl chips were also supP ed fo 
prelrealment using Ihe pilot J^f, '3 

vslem. The chips were pretrea ed S °' '".H 
n'ress at an inlet pressure o( 1.5. bar (2^ Pf''_'"^ 
o fmars' obi-ctiva was to identify i( there was a benelu .0 
rre'L the in;ot pressure (or '^e mil, scale ..h,p 
nrelrealrnent. Table I compares tne cnip sc.een 
s'catfon results (or the ^'^^^f^^f^^^^^^^ 
inlFl nre^^sures of 0.5 bar 7 psi) and 1.5 bar (.2 ,s,;. 
T e Chip si., distribution pnor to the c^ip P->-^>;--;>^ 
also included in Table I. The connpression le.e^ol ne 
.-Hot scale RT Pressaliner was adjusted to achieve .r,e 
rn^e"di:charge solids content as ^^^t 
Bowater Calhoun. The ^-^^^P^^f,^'*-;^ '^/'^'"'^^^^^^ 

rsspeclively. 

The RT-Calhoun chip samples produced at an inlet 
, ressurp 0 0 5 bar had the highest percentage of ines 
hrS the 1 O'' hole. The dry bulk density reduced 
lollovig the chip pre.reatment from 151 kg/m .0 130 

TMP Duips were produced Irom the RT-Calhoun and RT- 
SorLlSd operating conditions. Both sets 0 chips were 
wat^r^ mpre na.ed and drained prior to .^efning^ The 

r^'^^sf.4^::erc:;Xrr;e.td^t%errieXo^i 

''''T onlrnv Table 11 compares the secondary 
S'dpulT^'r^opertLf for both series at an interpolated 

(reeness ol 180 mi. 

^^SBB £r sir 

Satd then- opera.l.g .he cpmpress.on 
preirealmenl al ihe iower inlel ptessure- 

A scale relinins uial "'^'f = J"!^, '""''.".rtle" 

rJr;^--sV^n„lelp^.3u.s^ 

ranging Irom 0 ba,, * "^^as also ooeraled in ' 

Oevelopmenl Laboratory. . . ■ ■ : 

pretreatment)^had ^J^^-J^.^.^, . ar:-.,lhe .^ighesl 



preirealmenl inlel pressures (1.0 bar and 14 bar) had 
ihe highest lear index and long fiber consent. The inie 
nrelrealmenl pressure did not appear lo have an impact 
on the burst index and tensile index properties. 

The DCM extractives content ol the primar/ relined 
nulos and COD concentration ol the primary pulp 
'p^sates are also reported in Table IV. T e pu ps 
oroduced from the precompressed chips averaged 
'approximately 25% lower e.xtrac.ives content compare 
to the pulo produced without pretreatment. The OCk 
extractives a'nd COO levels reduced w„h increases in 
Ihe pretreatment inlet pressure from 0 bar to 0.7 bar to 
4 ba . The pulp produced at 1.0 bar inlet Pressure had 
extractives and COD levels outside the trend of the 0 
bar, 0.7 bar and 1.4 bar pulps. 

Several pulp properties were also monitored over a 12 
day oe iod Irorn the Calhoun mill on reliner line 7 during 
opLation with and without '^^ ^'^ip compressive 
pretreatment. The average change in bulk, burst index, 
breakina length and tear index were -l.O/o, +6.3 A, 
+1 1 .6%~and +5.0%, respectively. 

Summer 

Additional studies were conducted in August 2000 lo 
evaluate the impact of chip pretreatment on J« 
enerqy consumption and pulp properties P;oauction 
rate determinations were conducted al the I'ne 7 trans er 
ches? wUh and without the wood chips going through U e 
compre sion pretrealmenl. The production rates were 
oSed by llow and consistency measurements Irom 
?h line 7 mainline transfer chest. Four inlet pressure 
levels were evaluated (0.4 bar, 0.7 bar, 1.0 bar, and 1.4 
bar). 

Table V lists the operating conditions e^ch 
oret eatment condition and in bypass. A reduction n 
Sction rate was observed when operating in bypass 
versus passing through chip pretreatment. 

A reduction in mainline refiner specific energy was 

if,rp,irrr^^ 

Accounling lor '^^-^J^.^o' nel reduc.ion il 
fpSe^V^wr nfKW^So'MT- ,S.3 hp^adsl,, 

' T.ble VI lllusirales Ihe mainline reliner Pu'P P'OP^'jf 
Sia'ned in bypass and al ihe loor preirealmenl .nli 

pressures. 

The lour prelrealed series »''«'9a^,=f7;„l,r"e* 
higher lear index compared lo f ' 

nroduced wilh Ihe bypassed chips. The bursl nde 
Selndex and oplical properties were s„,,a^w^ 

urrj;~rodrd Xs a jg. 
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increasing inlel pressure; whereas Ihe summer sludy d.d 
nol show a lurlher increase in tear index with ■ricreasing 
inlel pressure. Referring lo the summer sludy resu s 
(See Table VI) the lear index values were sigmficanlly 
higher compared lo Ihe winter sludy results (See Table 
IV) The summer study lear values ranged (rom 10^2 
mN m^/g to 10.5 mM.m^/g, compared to Ihe winter study 
tear values 6f 7.0 mN.m^/g lo ^-^^^^y^'^J 
pretrealment inlel pressures between 0.7 bar to 1.4 bar 
A superior wood chip lurnish during Ihe summer period 
may explain the good results at lower pretrealment inlet 
orossures- whereas the winter chip furnish may require 
higher inlel pressurizalion lo prevent damage to the 
libers during chip compression. 

Rcliner load variation 

Figure 2 illuslrales the line 7 primary (top trend) and 
secondary (bottom trend) refiner motor loads on 
September 27. 2000 with the chip pretrealment off line 
nerside) and on line -(righl side). A reduction in the 
primary and secondary refiner load swings ,s observed 
when operating wilh chip pretrealment versus as is 
wood chips. This is attributed pnmaniy due to a more 
uniform bulk density, moisture content and a smaller 
chip si7e distribution feeding the primary refining stage. 



reduction in both the magnitude and variability of PSF 
motor torque was observed when operating with chip 
pretrealment compared lo operating in bypass. 

Figure 3 illuslrales Ihe PSF motor torque across a 24- 
hour period lor line 7 (chips in bypass) and line 0 (chip 
pretrealment). The line 7 trend is located above and line 
8 trend below. The line 8 trend was more uniform with 
less peak to peak variation. The improved refiner load 
stability is believed lo be largely influenced by a more 
uniform delivery of chips from the PSF lo Ihe refiner. 

/ 





FIGURE 2 LINE 7 REFINER MOTOR LOADS 
BEFORE AND AFTER PRETREATMENT 

The average mainline -'-f vr^The 
deviations from Figure 2 are listed in Table V 1 . The 
moior load data was obtained from Bowate Calhoun s 
PI data acquisition system at o^<^-secon6 ^n^ec.a\s^ A 
signincant reduction in the motor load standard 
deviations is observed when operating with .he 
prelrealed wood chips. 

Plug Screw Feeder Torque 

A plug screw feeder (PSF) feeds chips to the stream 
spSler retention conveyor which in '^^p^^^^^J^';^ 
66 refiner TABLE. . VIII ..compares. Jhe PSF lorque 
- averages and standard devialions- with l.ne 7 operating 
-^n-bypass and line: 8 with ..chip ^f^'T'^'y^^^ 
.-speed was 40 rpm (or "both rel.mng lines 7 and- 8, A. 



FIGURE 3. PSF fvlOTOR TORQUE WITHWITHOUT 
CHIP PRETREATMENT 

Discussion 

Studies have been conducted to quantify the energy 
required lo liberate a single liber from wood.. Koran 
measured ihe energy to liberate fibers froiTi spruce 
specimens by .tensile loading perpendicular to the long 
axis of the fiber, across. a range of temoeralures . He 
Reported a value of 1 .5 ergs at 120 for ihe fiber 
separation energy, reducing to 0.5 ergs at 170 C Such 
values would indicate the energy consumed in f be 
^beration is a very small fraction «1%) of ihe ola 
energy consumed during refining. In actuality a 
igniHcant amount of energy is required lo conform he 
(iber to the desired degree of fiber development. Th l, is 
arqely due to the mechanical losses incurred m 
racturing wood, particularly when this involves straining 
!he lignin component ^ In other words, there is a large 
viscoelastic deformation energy or mechanical loss 
incurred when applying energy to develop more exposec 
(iber surfaces. The major part of the energy Irai^sr^ Itec 
0 the wood is dissipated as heal because the lignir 
componenl of wood is a viscoelastic materia . The hig 
specific energy requirement in mechanical pulping 
largely a consequence lor retaining lignin in the pulp. 

Energy applied to the libers is expended in Jwo stage: 
during renning. firstly, energy consumed in deME. 
- • and .'secondly, energy expended in ^^Id'.iona fibe 
modilicalions (fibrillation), -'^ '^^^^ ^^'P „ 
requirements. . Koran's separation energy was based o 
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ihe lormer slage. delibralion. Most ol the energy is 
consumed in the latler or (ibrilialion slage. 

Reliner niechanicai pulping has been described as a 
hiqhly specialized ailrilion process wilh Ihe ob|eclives of 
orociucinq libers with specific pfiysical properlies 
Relininrj generates an exirennely high number ol cyclical 
reliner bar impacis during which Ihe fiber is repeatedly 
compressed and relaxed. A high number of repealed 
compressive cycles are necessary lo liberate individua 
fibers Irom Ihe wood .chip structure. A large amount of 
energy i? dissipated as heal in the refining process, 
wliich is typically recovered in Ihe form of steam. 
Unfortunately the cost ol electrical energy is typically 
much higher than the heal value of the recovered steam. 

In order lo truly improve refining efficiency, Ihe actual 
electrical energy applied to Ihe fiber structure must 
decrease while attaining a similar or belter level of liber 
development. Salmen equaled ihis energy reduction o 
a reduction in Ihe compressive cycles necessary to 
liberate a fiber from Ihe wood constituents . An 
objeclive o( the chip pretrealment is lo suf icienlly 
partially delMale the pine Iracheids (fibers) such that he 
of compressive cycles required to liberate he 
(ibers is reduced. This would in turn directly reduce the 
energy requirements in Ihe refining process. 

Wood chips are exposed lo a high level ol compression 
and shear lorces during chip pretrealment in the screw 
device The chips are re-oriented and undergo stress in 
both the axial and lateral positions, as they proceed to 
Ihe discharge ol ihe compression screw. Figures 4 and 
5 illustrate microtome cross sections of pine lalewood 
iracheids The SEM pictures were taken from untreated 
and prelrealed wood chips from Bowaler Calhoun. 





FIGURE 5. TREATED (LATEWOOD) CHIPS 500 x 

The prelrealed cross sectional image clearly shows a 
large number of partially delibrated fibers. Frazier and 
Williams study '° on axial compression of western 
hemlock wood chips revealed a high degree of 
separation at the S1-S2 interface, which may be related 
lo Ihe local stress concentrations al the inledace of the 
iwo fiber wall layers. Kure el al. study on compressed 
Norway spruce chips ' found the primary area of 
separation or fracture was somewhere in the area 
between Ihe middle lamella, the primary wall and the b1 
layer Many of the separated pine lalewood Iracheids in 
Figure 5 have a detached middle lamella wilh a portion 
of the outer fiber wall attached. A number of Ihe fracture 
or separation zones appear deeper into the 32 layer 
however most ol the separation appears al the outer bi . 
and P1 material. In some cases delormalion and aclua . 
rupture of the lalewood fibers is observed. This is of 
particular benefit to reduce the stiffness and improve 
collapse of Ihe thicker walled fibers following refining. 

Figure 6 illustrates an earlywood microtome cross 
section of a pine wood chip following the chip 
pretrealment. The thinner earlywood Iracheids were 
more deformed'; however, partial delibralion was less 
pronounced compared lo the lalewood component. This 
observation has been previously reported on spruce 
chips followinga similar cIVip con^essiveUea^nt . 




SSuReTtREATED chips (EARLYWOOD) 500 x 
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Lignin absorbs energy as a viscoelas c ^r^a e al dunng 
renning. Delachment o( a porUon ol '^^ ^'^^^'^ J^^-r,^^^ 
durinci narlial delibralion may reduce Ihe compressive 
cy and hence energy necessa^ during disc ref.mng^ 
Slicanon 01 Ihe Mber-lignin slruclore P-r lo re m ng 
may therelora be an ^lleclive means ol reduang^ h^^^ 
energy consequence (or retaining lign.n in mechanical 

pulp. 

Conclusions 

. Mill scale results (rom the Bowaler Calhoun 
newsprint division were presented using a 
pressurized compression chip prelreaimenl process. 

. The pulps produced Irom the precompressed chips 
aleraged 'approximately 25% less extractives 
content compared to pulps produced without 
prelreaimenl. 

. An average reduction in total specilic ene^rgy of 
approximately 115 kWh/ODMT was observed using 
the chip precompression stage. 

. TMP pulps produced using Ihe chip prelreaimenl 
had a higher tear index compared to pulps produced 
from normal wood chips. Further increases in >he 
ear index were obsen/ed in Ihe winter study when 
inrreasing the prelreaimenl inlet pressure from 0.7 
,0 1 4 bar The summer study maintained a 
s'^iirr tear 'ndex at inlet pressures between 0.4 barl 
and 1 A bar. 

. The refiner motor load was more stable whenl 
operating with chip prelreaimenl versus untreated 1 

wood chips. 

. The latewood pine tracheids from the prelreated 
chips exhibited a significant level o' P^^'^' 
rlP ihralion The earlywood component exhibited a 
h qher degree of deformation with less defibralion^ 
Modif cation of the wood chip structure prior to 
Sning may help explain the related reduction in 
Specific energy- 
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RT-Ca!houn 
RT-Spfifigfield 



TABLE I 
Inlel 
Pressure 
(bar) 

0.5 
1.5 
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CHIP SCREEN CLASSIFICATION AND BULK DENSITY RESULTS 



21.39 
7.35 
5.60 



%+3/4" 



27.07 
15.28 
17.78 



%+5/8 



15.75 
13.83 
15.26 



,+1/2" I %+1/4" I %+1/8" I "/"-I/O" 



14.03 
15.28 
20.45 



18.49 


2.86 


0.40 


34.02 


9.33 


4.41 


■ 35.62 


rt.08 


0.21 



Dry Buik 
Density 

151 
130 
137 



RT-Calhoun = chips prelreaied al Bowaler Calhoun 
RT-SpringlielcJ = chips prelrealed al AncInU Inc. 
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Furnish 

Primary [reeness (ml) 
Primary consistency ( . 
Primary shive conlenl (%) 

Secondary freeness (ml) 
Bulk (cm^/g) ^ 
Burst index (kPa.m /g) 
Tear index'(mN.mVg) 
Tensile index (Nm/g) 
Stretch (%) 
T.E.A. (J/m^) " 
Opacity (%) 

Scattering coeflicient (m /kg) 
Shive content (%) 
■1-28 mesh (%) 
-200 mesh (%) 

_S]2ecific^gyJw{r^^ 



RT-Calhoun 
695 
41.7 
4.12 

180 
3.56 
0.98 
6.2 
22.6 
1.47 
14.45 
91.5 
45.7 
0.23 
26.5 
31.8 
2122 



RT-Springfield 
701 
41.6 
3.92 

180 
3.22 
1.24 
7.5 
25.9 
1.69 
19.10 
91.6 
47.2 
0.11 
30.7 
27.0 
2063 



pTetrecUe^^ 
^S^eamJ]owJ!b^^ 
Screw torq u^_^ 




, Primar y refiner load ( mw) 
1' Prirnar)M;e^^ 

j Secondary reliner load lm w)_ 

\ Secondary __retin er con5istenc^ ^i%l 



TABLE IV. MAINUNE REF1NER_PJJLPP 



r prelrealment pressure (bar) 



Freeness (ml[ 



Burst index ^kPa^Wgl 
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156 



3.4 



1.2 



no ('^ ^^^^^ ^"-'^'^^^ 

^^g^ni^WECTi^^ 



153 



3.3 



1.3 



0.7 
152 



3.4 



1.0_ 
146 
3.3 



1.1 
24.2 



1.1 



23.1 




E' 



rprGlreal(T2en^j3£GSSure_(bar)^ 



TABLE V r-Hio pn^TRPATMF NT AND REFINER OPERATING CONDITIONS 



Produciio n fa]e_(ad5lj2d)_ 

"" Pfocluclion fa!e_( oclrrUgd) 

~nTj^r^^ji(inRfj crew load (kW) 



£rimnryj;elinei^ load (mw) 
Plug s crew (eeder ( r(xn 



531 



521 



439 



431 



590 



20.1 



SRcnndai y re'liner load (mw ) 



Reliner '^npr.ilic encfav_( kWh/ODMT) 
r~=r-~'' -,- (•■„„r^,w ViaA/h/nniVIT'i ' 



■■^ini^^iTp'rilir J^ne^CiV (kWh/ODMT) 



42 



14.9 



191_4_ 
1952 



244 



622 



20.0 



42 



438 



582 



1.4 

542 



448 



20.1 



15.2 



1959 



1994 



256 



42 



15.1 



1928 



1959 



261 



471 



20.0 



42 



Bypass 



489 



404 



20.0 



42 



15.1 



1879 



1904 



254 



14.9 



2067 



2067 



255 



•Includes RT-prelrealmenl + mainline refining. 



TABLE Vi 



Preirealmenl pressure (bar } 



Freeness (ml) 
— Ti 



Rursljnde x (kPa.m /g ) 
Tear index (mN.m /g ) 



T ensile index ( Nm/g) 



0^[^ciiyj%l 



ISO Brig hlness 



S hive con!enl { %l 



-1-28 mesh fVc 
'-200 mesl 



LW avera_g^(rn^^ 




ScaUering_c^^ 



By pass 



Mole: each value in ihe lable is Ihe-average o( four transfer chest samples. N Q ^ 



TABLE Vll. 



_5eiinir^g_S^g6_ 



Averagejm^^ 



Sid. Deviation 



Primary ^ 



I 1M ^7 REFINER LOAD STANDARD DEVIATION 

Bypass I — 

— ^ ^ — Primary 



16.01 



0.45 



Secondary 



15.03 



0.67 



Prelrealm.ent 



16.04 



0.30 



Secondary 



15.02 



0.33 



■ . ^t. cr-nn A M -7-00 A M September 27, 2000 
?S":rn;r:",=™°a° " 00 P°M,.3:00 P.^. Sep.en..er 37. .000 



TABLE VIII. 



Average 
S(d. Deviation 
Refiner Line 



PSF M OTOR TORQUE (%) 

Prelreatmenl 



Bypass 
39.4 
2.2 
7 



22.6 
1.7 
8 



